To explore how honeybees, Apis cerana, discriminate the orientation of patterns, we trained workers to discriminate between a black stripe of a certain orientation on a white disc and a pure white disc. We tested trained bees for their ability to discriminate between the trained orientation and deviations from it. This was done either in a dual choice situation where the bees had to choose between the trained orientation and one deviation from it at a time, or in a multiple choice situation where bees had to choose simultaneously between the trained orientation and 11 successive deviations from it. In the dual choice situation, bees did not discriminate behaviourally between the trained orientation and deviations up to 25 , whereas in a multiple choice situation, they discriminated between the trained orientation and a deviation of 15 or more. Thus, orientation can be analysed more precisely in multiple choice experiments. The response of the bees was independent of the orientation of the trained orientation; the 12 different trained orientations all yielded identical results. This finding, considered together with a model that we present for orientation discrimination, suggests that at least three orientation-sensitive channels (a neuron or a set of neurons that respond maximally to a particular orientation) participate in the analysis of pattern orientation.
Insects, and especially honeybees, have long been known to discriminate between a variety of spatial patterns in their visual field. Like humans, honeybees can learn the orientation of stripes in their visual field and recognize the learned orientation even in other patterns they have never encountered before (Wehner 1971 (Wehner , 1985 van Hateren et al. 1990) . A commonly held view is that bees accomplish this task by perceiving the directional movement signals that a pattern generates owing to the movement of the bee itself. Indeed, insect vision is often thought to depend entirely on such motion cues (Exner 1876; Lehrer et al. 1988; Srinivasan & Lehrer 1988; Horridge 1991) .
Recent behavioural experiments by Srinivasan et al. (1993) , however, strongly suggest that honeybees, even in the absence of motion cues, can perceive specific spatial features of the patterns encountered and detect their orientation. Insects, like mammals, may analyse orientation by a system of orientation-sensitive 'channels' (Srinivasan et al. 1993 (Srinivasan et al. , 1994 . According to this model, each channel consists of a neuron (or set of neurons) which responds maximally to a particular orientation. The orientation of the pattern is represented in terms of the responses of an assembly of neurons tuned to different orientations.
This idea is supported by recent neurophysiological investigations on dragonflies, Hemicordulia tau (O'Carroll 1993) and honeybees, Apis mellifera (Yang & Maddess 1997) which report the existence of neurons that respond specifically to bars or stripes with particular orientations. It is not known whether bees and other insects have orientation channels that perform a similar function as the orientation channels in the mammalian cortex. Since bees are known to discriminate between vertical and
